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Abstract: The objectives were to assess total dietary fiber intake, identify the major 
sources of dietary fiber, and examine its association with socio-economic factors among 
Flemish preschoolers. Three-day estimated dietary records were collected from a 
representative sample of preschoolers 2.5–6.5 years old (n = 661; 338 boys, 323 girls). The 
mean dietary fiber intake (13.4 g/d) was lower than the intake level recommended by the 
Belgian Superior Health Council (70% boys and 81% girls below the guidelines). The most 
important contributor was the group of bread and cereals (29.5%), followed by  
fruits (17.8%), potatoes and grains (16.0%), energy-dense, low-nutritious foods (12.4%), 
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and vegetables (11.8%). Multiple linear regression analyses showed that total fiber intake 
was associated with maternal education and parents’ employment. Overall, fiber intakes 
from high-nutritious foods (vegetables and fruits) were higher in preschoolers of higher 
educated mothers and those with one or both parents being employed. In conclusion, the 
majority of the preschoolers had dietary fiber intakes below the recommended level. 
Hence, dietary fiber should be promoted among parents of preschoolers and low  
socio-economic status families should be addressed in particular. 
Keywords: dietary fiber intake; preschool children; socio-economic status; Belgium 
 
1. Introduction 
 
A significantly decreased dietary fiber (DF) intake and concomitant increased intake of total fat, 
saturated fatty acids and cholesterol in industrialized countries was found to be associated with a 
higher prevalence of chronic diseases [1,2]. The World Health Organization (WHO) identified a low 
DF intake as an important determinant for chronic diseases, including obesity, cardiovascular diseases, 
and diabetes [3]. DF is one of the nutritional compounds of vegetables, fruits, legumes, nuts, and 
whole-grain foods, known as carbohydrate polymers with ten or more monomeric units, that are not 
hydrolyzed by endogenous enzymes in the small intestine [4].  
Evidence shows that a higher intake of DF is significantly associated with lower BMI, systolic and 
diastolic blood pressure, serum LDL-cholesterol and triglycerides [5–9]. Hence, a sufficient intake of 
DF is strongly recommended by the Belgian Superior Health Council (BSHC) [10], World Health 
Organization (WHO) [11], US Department of Agriculture (USDA) [12], and British Nutrition 
Foundation [13]. Many chronic diseases and some cancers in adults have been related to dietary factors 
during early childhood [14,15]. Williams and Bollella (1995) reported that a higher DF intake may have a 
positive effect on serum vitamin and mineral concentrations in healthy children consuming a balanced diet 
containing adequate levels of nutrients [16]. 
In addition, as dietary habits are established in early life, young children need to be encouraged to 
consume nutritious, fiber-rich foods daily to achieve an optimum health status [16]. DF intake of 
European preschoolers is poorly documented. Reported DF intakes in children and adolescents range 
from 0.9 to 3.5 g/MJ, although, different analytical methods or definitions were used [17]. A recent 
small-scale Flemish study (115 children, 2–3 y) [18] reported that the DF intake of children did not 
reach the recommendations of the BSHC [10]. As far as we are aware, no previous study has 
undertaken a comprehensive analysis of the food sources of DF among Belgian preschoolers. 
Furthermore, children and adolescents from low socio-economic status (SES) families were previously 
found to consume less DF, but higher energy-dense foods with higher risk of overweight and  
obesity [19–23]. Due to lack of knowledge on DF consumption in Belgian preschoolers, the present 
study aimed to assess the DF intake, and to indentify the major food sources of DF among Flemish 
preschoolers. Furthermore, the association between total and food group-specific fiber intakes and SES 
was examined. 
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2. Methods 
2.1. Survey Population 
This study used data from the Flanders preschool dietary survey (data collected from October 2002 
until February 2003), in which the usual dietary intake of Flemish preschoolers (2.5–6.5 y) was 
estimated from 3-day estimated dietary records (EDR), completed by the parents. The distribution of 
3d EDR covered a whole week in autumn and winter. The sampling design and methods have been 
described in detail previously, along with the response rate and representativeness of the study sample 
(50% response rate and 49% after data-cleaning) [24]. In brief, a random cluster sampling design at the 
level of schools, stratified by province and age, was used [24].  
Experienced dietitians performed the fieldwork. The school headmasters, teachers and parents were 
informed about all the study objectives and dietary assessment methods during a school meeting. Oral 
and written instructions were provided for the recording of foods and drinks consumed  
by children. Teachers were asked to report what the children consumed at school so that the 
parents/proxies could include this information in the diaries. 
The percentage of underreporters has been described in depth in a previous paper and was shown to 
be low (<2% when using Goldberg cut-offs adapted for children) [25]. Underreporters were excluded 
from the study sample for the analyses described in this paper. 
The Ethical Committee of the Ghent University Hospital (Belgium) granted ethical approval for the 
study. All parents of the children participating in the Flanders preschool dietary survey provided their 
written informed consent. 
2.2. Dietary Intake Assessment 
For the current analyses, only diaries with three completed days were included (n = 696; 66% of the 
collected diaries).  
The fiber intake was estimated based on the Belgian NUBEL [26], the Dutch NEVO [27], and the 
USDA food composition databases [28], which used the enzymatic gravimetric method of the 
American Association of Analytical Chemists (AOAC) [29,30].  
In total, 936 food items and composite dishes were encoded in the original database. All recipes that 
were described in depth as individual ingredients in the diaries were coded as ingredients. However,  
in order to classify foods easily into the food groups of the Flemish Food Based Dietary  
Guidelines (FBDG) [31], eight extra composite dishes had to be disaggregated (nasi goreng, nasi 
goreng with egg, spaghetti bolognese, chicken ragout, turkey ragout, lasagna, macaroni ham/cheese 
sauce, and stew). Spaghetti bolognese, for instance, was disaggregated into spaghetti, noodles, minced 
meat, onions, tomatoes, carrots, and margarine according to the recipe list of the Flemish EPIC-soft 
version 2004 [32].  
After the disaggregating procedures, food items were divided into 57 food groups, based on the 
classification of the FBDG and the expert opinion of the investigators. It should be noted that, due to 
lack of information, the complex food mixtures of pizza (consumed by sixty-eight children during the 
three recorded days) and quiche (consumed by two children) were not disaggregated into their 
constituent components, but were categorized as a subcategory of the miscellaneous group.  
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In our study, we defined rest group foods (snacks and desserts) as energy-dense, low-nutritious 
foods based on the Flemish FBDG, considering their relatively high energy contribution (in Table 2) 
but low nutrient content.  
2.3. Socio-Economic Status 
Socio-economic status (SES) included family situation (two-parent family, one-parent family or 
special situation (children living with grandparents or others were considered to be in a special 
situation)), parental employment (both parents employed, one parent employed or both parents 
unemployed), and level of parental education (lower secondary education, secondary education or higher 
education (bachelor, master or above) for both mother and father. 
2.4. Statistical Analysis 
 
Descriptive statistics of the study population (mean values or frequency distributions and standard 
deviations (SD)) were calculated by gender-age and gender-SES specific groups. The values of energy 
and DF intake were corrected for within-person variation by means of the Multiple Source  
Method (MSM) [33]. The normality of the data and equality of the variances were tested using the 
Kolmogorov-Smirnov and Levene’s test, respectively. The statistical differences of total energy  
and (energy-adjusted) DF intake between subgroups were assessed after log-transformation using the 
Student’s t-test. Mean energy-adjusted daily intake from food sources was calculated based on the 
quartiles of total DF intake. Results were considered statistically significant at an α two-tailed level  
of 0.05.  
The association between DF and SES was investigated by stepwise multiple linear regression 
analysis, by controlling for potential modifying factors (physical activity level, parental smoking, total 
energy intake and dietary supplement intake) and confounding factors (gender, age and nationality). 
Two-way interactions between potential confounding factors and SES were created and examined. In 
the multiple linear regression analyses, the categories of higher educated mothers, higher educated 
fathers, unemployed parents and one-parent families, were considered as references. Significance of 
the associations was evaluated with the t-test. Outliers were removed based on residual plots. 
Furthermore, to investigate the association between total or major food group-specific DF intakes (bread 
and cereals, potatoes and grains, vegetables, fruits, and energy-dense, low-nutritious food) and the 
different independent factors (maternal education level, paternal education level and parental 
employment), GLM multivariate analyses were carried out with the same references. Other covariates 
such as potential confounding factors (gender, age and nationality), total energy intake, dietary 
supplement intake, physical activity, parental smoking, and two-way interactions between SES and 
confounding factors and between the potential confounding factors, were included in the model.  
All statistical analyses were performed using SPSS for Windows version 15.0 (SPSS Inc, Chicago, 
IL, USA).  
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3. Results 
 
3.1. Study Population 
 
A total of 661 out of 1026 children (64%) all with valid information, were included in the analysis  
(338 boys and 323 girls) (Table 1). Among the 365 excluded children, 330 did not complete 3d EDR 
days, 51 had a missing value for gender and age, and 4 were missing either gender or age. Out of the 
661 children included, 583 children’s height and 609 children’s weight were reported by the parents. 
As a result, 571 children’s BMI and BMI z-values could be calculated.  
The majority of the children (95%) were living with both parents. Approximately half of the parents 
had a higher education and about 70% of the children’s parents were both employed. 
 
3.2. Total Energy and Dietary Fiber Intake  
 
The mean energy intake among preschoolers was 1455 kcal/d (849–2838 kcal/d). Boys had 
significantly higher energy intakes than girls. The children in the 4–6.5 y group had significantly 
higher energy intakes than the younger children (P ≤ 0.001). 
The mean total DF intake of Flemish preschoolers was 13.4 g/d (6.2–21.5 g/d) and the mean 
energy-adjusted DF intake was 9.3 g/1000 kcal (4.4–17.3 g/1000 kcal) (Table 1). Boys consumed 
significantly more DF than girls (P < 0.001). The elder children consumed more DF than the  
younger ones (P = 0.003). However, energy-adjusted DF intake showed no significant differences 
between the gender-age groups.  
 
3.3. Food Groups Contributing to Dietary Fiber Intake 
 
The most important contributing food groups consisted of bread and cereals (29.5%), particularly 
bread, rolls, crackers and rice cakes, followed by fruit (17.8%, fresh fruit in particular), potatoes and 
grains (16.0%, potatoes in particular), energy-dense, low-nutritious foods (12.4%, sweet snacks, french 
fries and croquettes in particular), and vegetables (11.8%, cooked vegetables in particular) (Table 2). 
 
Table 1. Anthropometric characteristics and socio-economic status (n and %), and energy 
and (energy-adjusted) dietary fiber intakes μ reported for Flemish preschool children.  
Characteristic Total Boys Girls 
Age (n = 661) n (%) 
2.5–4 y 197 (29.8) 102 (30.2) 95 (29.4) 
4–6.5 y 464 (70.2) 236 (69.8) 228 (70.6) 
Socio-economic status     
Family situation (n = 659)    
Two-parent family  632 (95.9) 323 (96.1) 309 (95.7) 
One-parent family  23 (3.5) 11 (3.3) 12 (3.7) 
Special situation  4 (0.6) 2 (0.6) 2 (0.6) 
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Table 1. Cont. 
Maternal education (n = 655)    
Lower secondary 26 (4.0) 9 (2.7) 17 (5.3) 
Secondary  250 (38.2) 127 (38.1) 123 (38.2) 
Higher education 379 (57.9) 197 (59.2) 182 (56.5) 
Paternal education (n = 637)    
Lower secondary 49 (7.7) 25 (7.7) 24 (7.7) 
Secondary  279 (43.8) 146 (45.1) 133 (42.5) 
Higher education 309 (48.5) 153 (47.2) 156 (49.8) 
Parental employment (n = 634)    
Both parents employed 439 (69.2) 214 (66.0) 225 (72.6) 
One parent employed  157 (24.8) 88 (27.2) 69 (22.3) 
Unemployed parents  38 (6.0) 22 (6.8) 16 (5.2) 
 Mean intake ± SD  
 Total energy intake (kcal/d)  
2.5–4 y * 1408.4 ± 260.4 1441.7 ± 253.0 1372.7 ± 264.9 
4–6.5 y ** 1474.4 ± 240.0 a 1526.3 ± 233.7 b 1420.8 ± 235.1 
 Energy-adjusted fiber intake (g/(1000 kcal * d))
 
 
2.5–4 y 9.2 ± 1.8 9.4 ± 1.8 9.0 ± 1.9 
4–6.5 y 9.3 ± 1.9 9.3 ± 1.9 9.3 ± 1.8 
 Total fiber intake (g/d)  
2.5–4 y * 12.9 ± 3.0 13.4 ± 3.0 12.2 ± 2.9 
4–6.5 y *  13.7 ± 3.2 b 14.1 ± 3.3 13.2 ± 3.2 b 
SD: standard deviation. 
μ 
Mean daily dietary fiber intake was calculated and adjusted for within-person variation using Multiple 
Source Method (MSM).  
* Mean value was significantly different between boys and girls, Student t-test after log-transformation,  
P < 0.05. 
** Mean value was significantly different between boys and girls, Student t-test after log-transformation,  
P ≤ 0.001. 
a
 Mean value was significantly different from 2.5–4 y old, Student t-test after log-transformation, P ≤ 0.001. 
b
 Mean value was significantly different from 2.5–4 y old, Student t-test after log-transformation, P < 0.05. 
 
Table 2. Mean and median daily intakes of food groups 
μ
 and their contributions to total 
energy and fiber intakes (n = 661). 
 Food Intake (g/d) Energy Fiber 
Food Group Mean Median SD % Order % Order 
Beverages (including juices, excluding the rest group) 486.2   5.2  4.8  
Water 224.2 150.0 (226.4) 0.0  0.0  
Light beverages 23.1 0.0 (90.1) 0.0  0.0  
Tea and coffee without sugar 8.2 0.0 (43.5) 0.0  0.1  
Fruit juice 172.8 150.0 (209.3) 4.5 6 2.9 8 
Vegetable juice 0.2 0.0 (6.0) 0.0  0.0  
Soup, bouillon 57.7 0.0 (101.7) 0.6  1.8  
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Table 2. Cont. 
Bread and cereals 86.7   16.4  29.5  
Bread, rolls, crackers, rice cakes 70.3 62.5 (46.8) 12.4 1 25.3 1 
Sugared bread 7.5 0.0 (22.5) 1.7  2.2 9 
Breakfast cereals (ready-to-eat, hot) 8.9 0.0 (20.0) 2.3  2.0  
Potatoes and grains 86.7   5.4  16.0  
Pasta, noodles 15.4 0.0 (41.0) 1.1  1.0  
Rice 6.3 0.0 (25.5) 0.6  0.9  
Potatoes 65.0 50.0 (69.3) 3.7 7 14.1 3 
Vegetables 66.5   1.1  11.8  
Cooked vegetables 53.7 40.0 (60.1) 1.0  10.0 4 
Raw vegetables 12.8 0.0 (38.3) 0.1  1.8  
Fruits (sweetened and unsweetened) 109.9   4.4  17.8  
Fresh fruit 94.0 68.8 (102.7) 3.6 8 15.5 2 
Canned fruit 15.4 0.0 (45.4) 0.7  2.1 10 
Dried fruit 0.4 0.0 (3.7) 0.1  0.2  
Olives 0.1 0.0 (1.5) 0.0  0.0  
Milk, milk products, and calcium enriched soy drinks 439.9   19.9  6.0  
Milk (including goat’s milk) 179.0 125.0 (218.5) 6.2 4 0.0  
Flavoured milk drinks (e.g., Fristi, chocolate milk…) 188.3 145.0 (226.8) 8.9 3 4.5 6 
Yoghurt 4.5 0.0 (25.3) 0.2  0.0  
Sugared or aromatised yoghurt 14.2 0.0 (46.9) 0.9  0.2  
Soy drinks 15.7 0.0 (82.5) 0.6  1.0  
Milk desserts 19.9 0.0 (56.2) 1.7  0.2  
Soy-based desserts  2.3 0.0 (19.1) 0.1  0.1  
Fermented milk or soy drinks (e.g., actimel, yakult…) 0.7 0.0 (7.4) 0.0  0.0  
Fresh cheese 15.3 0.0 (43.3) 1.4  0.0  
Cheese 14.5   3.5  0.0  
Hard cheese (no cream cheese) 11.8 0.0 (22.6) 3.0  0.0  
Cheese spread 2.7 0.0 (8.8) 0.5  0.0  
Fat, oil, cream cheese, sour cream 8.6   3.3  0.0  
Butter, margarine 8.3 6.0 (9.5) 3.1  0.0  
Oil 0.3 0.0 (1.4) 0.2  0.0  
Frying oil 0.0 0.0 (0.6) 0.0  0.0  
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Table 2. Cont. 
Meat, poultry, fish, eggs, vegetarian products 90.3   13.5  1.3  
Meat, game, meat products 37.2 20.0 (46.1) 6.0 5 0.1  
Chicken, turkey 15.9 0.0 (34.7) 1.9  0.0  
Fish, shellfish 8.5 0.0 (28.7) 0.9  0.1  
Cold cuts from meat products 20.7 6.8 (30.2) 3.5 9 0.0  
Cold cuts from fish products 0.9 0.0 (6.8) 0.2  0.0  
Eggs
†
 5.1 0.0 (18.2) 0.7  0.0  
Vegetarian products (e.g., tofu, tempé…) 1.7 0.0 (11.6) 0.2  0.9  
Nuts and seeds 0.3 0.0 (3.4) 0.1  0.2  
Rest group (snacks and desserts) 
a
 201.8   26.8  12.4  
Brioches 3.5 0.0 (17.0) 0.8  0.6  
Sweet snacks 43.6 32.0 (43.5) 11.9 2 5.2 5 
Salty snacks 2.1 0.0 (9.8) 0.8  0.9  
Tea and coffee with sugar 3.2 0.0 (26.6) 0.0  0.0  
Soft drinks 97.7 0.0 (169.4) 2.7  0.0  
Salty sauces 12.5 0.0 (24.9) 1.6  0.6  
Cream 0.3 0.0 (2.6) 0.1  0.0  
Sweet sauces 0.1 0.0 (2.5) 0.0  0.0  
Chocolate 3.1 0.0 (9.5) 1.1  0.2  
Chocolate spread 9.4 0.0 (13.9) 3.5 10 1.1  
Other sweet spread (e.g., jam, honey…) 5.3 0.0 (11.6) 1.0  0.3  
Sugar 0.1 0.0 (0.9) 0.0  0.0  
Fried snacks 0.1 0.0 (2.6) 0.0  0.0  
French fries, croquettes 14.6 0.0 (37.7) 2.6  3.5 7 
Sweet desserts (e.g., ice cream, tiramisu…) 6.2 0.0 (23.2) 0.8  0.1  
Miscellaneous 4.2   0.5  0.3  
Pizza and quiches 2.2 0.0 (17.8) 0.3  0.2  
Other miscellaneous 
‡
 2.0 0.0 (21.3) 0.2  0.1  
μ 
These mean food group intakes are rough estimates calculated from the raw data on which these nutrient 
contributions are based, without adjustment for within-person variation. The high number of non-consumers 
in some food groups hindered the adjustment for within-person variation. 
† 
Includes only eggs reported separately and eggs included in disaggregated food mixtures. 
‡ 
Includes foods or components with negligible contributions to the total nutrient intakes that could not be 
categorized in the above food groups (e.g., herbs and spices, monosodium glutamate, starch, plain gelatin, 
artificial sweeteners, pectin, cocoa powder…). 
a 
Rest group (snacks and desserts) was defined as energy-dense, low-nutritious foods.  
 
Additionally, the energy-adjusted daily intakes from bread and cereals, potatoes and grains, 
vegetables, and fruits increased significantly among the whole population based on the quartiles of 
total DF intake (P < 0.001, P = 0.005, P < 0.001, and P < 0.001, respectively) (Table 3). Energy-adjusted 
intakes of the rest group, on the other hand, decreased significantly, in boys in particular (P < 0.001).  
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Table 3. Mean energy-adjusted daily intakes (g/d) from the main food groups contributing 
to dietary fiber intake for the children assigned to the different total dietary fiber intake 
quartiles (n = 661). 
 Fiber Intake Quartiles P† 
 Total  Boys Girls    
Food Groups μ Q1  Q2 Q3 Q4 Q1  Q2 Q3 Q4 Q1  Q2 Q3 Q4 Total Boys Girls 
Bread and cereals 51.6 57.5 62.6 66.7 53.0 57.6 61.9 68.0 50.6 57.4 63.7 64.7 <0.001 <0.001 <0.001 
Potatoes  
and grains 53.5 59.1 63.3 64.1 59.1 59.9 63.4 57.3 49.2 58.5 63.3 74.8 0.005 0.725 <0.001 
Vegetables 33.1 42.3 47.0 60.1 33.2 42.5 46.1 56.4 33.0 42.1 48.2 65.9 <0.001 <0.001 <0.001 
Fruits 41.2 63.3 83.2 110.4 33.5 54.0 80.7 106.6 47.3 70.4 86.4 116.3 <0.001 <0.001 <0.001 
Rest group‡ 123.3 112.5 93.5 82.4 143.2 140.7 89.7 87.8 107.9 90.8 98.3 73.9 <0.001 <0.001 0.178 
μ Quartiles based on total fiber intake among Flemish children. 
† Statistical analysis was tested by ANOVA (bread and cereals, potatoes and grains) and Kruskal-Wallis (vegetables, fruits and Rest 
group) test. 
‡ Rest group (snacks and desserts) was defined as energy-dense, low-nutritious foods.  
 
3.4. Association between Total and Food-Group Specific Dietary Fiber Intakes and Socio-Economic 
Status Factor 
 
A significant positive association was observed between children’s total DF intake and  
one-employed-parent-families (β = 0.580, P = 0.019), compared to families where both parents were 
unemployed, whereas a negative association was found with secondary maternal education (β = −0.634,  
P = 0.004), as opposed to higher maternal education (Table 4).  
GLM multivariate analysis was used to investigate associations between DF intake from main food 
sources, and SES (Table 5). Compared to children of higher educated mothers, those with a lower 
secondary maternal education had lower bread and cereal- and rest group, but higher potato and  
grain-derived fiber intakes (β = −8.4, P = 0.009, β = −4.3, P = 0.001, β = 8.8, P < 0.001, respectively). 
Conversely, preschoolers of fathers with a secondary education consumed more bread and cereal-, and 
fruit-derived fibers (β = 3.0, P = 0.027, β = 2.9, P = 0.036, respectively) than those with a higher 
paternal education, whereas children of lower secondary educated fathers had lower potato and  
grain-derived fiber intakes (β = −4.0, P = 0.026). 
Furthermore, preschoolers’ intake of fiber derived from energy-dense, low-nutritious foods were 
higher in two-parent families than in one-parent families (β = 3.1, P = 0.016). Children with one or 
both parents employed consumed less fibers derived from energy-dense, low-nutritious foods 
compared to preschoolers of unemployed parents (β = −2.8, P= 0.010, β = −2.6, P = 0.012, respectively). 
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Table 4. Stepwise multiple linear regression analysis of the potential association between 
total dietary fiber intake and socio-economic status among Flemish preschoolers (n = 661). 
  β SE 95% CI P  
Total fiber intake 
†‡      
Secondary maternal education 
μ
 −0.634 0.219 −1.1, −0.203 0.004 
One employed parent 
μ
 0.580 0.247 0.095, 1.1 0.019 
Age * two-parent family
 μ
 0.212 0.097 0.021, 0.403 0.030 
SE: standard error of β coefficient; CI: confidence interval. 
μ 
Higher maternal education, and two-unemployed–parent-families and one-parent families were used as 
reference categories. 
†
 Adjusted for total energy intake, age, gender, nationality, and children’s level of physical activity, parental 
lifestyle and interactions. 
‡ Non-significant variables with standardized coefficients β.  
Higher maternal education: β = 0.125, P = 0.148; Secondary paternal education: β = −0.037, P = 0.297; 
Higher paternal education: β = 0.038, P = 0.303; Both employed parent: β = −0.040, P = 0.547; Two-parent 
family: β = 0.010, P = 0.797. 
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Table 5. GLM multivariate analysis of the potential association between food group-specific fiber intake and  
socio-economic status of Flemish preschoolers (n = 661). 
 Bread and Cereals Potatoes and Grains Vegetables Fruits Rest Group † 
Independent variables μ β (SE) 95% CI P β (SE) 95% CI P β (SE) 95% CI P β (SE) 95% CI P β (SE) 95% CI P 
Maternal education                
Lower secondary −8.4 (3.2) −14.7, −2.1 0.009 8.8 (2.2) 4.4, 13.1 <0.001 2.5 (2.2) −1.9, 6.8 0.262 −1.7 (3.3) −8.2, 4.8 0.613 −4.3 (1.3) −7.0, −1.7 0.001 
Secondary −2.2 (1.4) −4.9, −0.42 0.098 0.16 (0.94) −2.0, 1.7 0.862 −0.016 (0.94) −1.9, 1.8 0.974 −1.9 (1.4) −4.6, 0.88 0.183 0.082 (0.57) −1.0, 1.2 0.885 
Paternal education                
Lower secondary 3.9 (2.6) −1.2, 8.9 0.131 −4.0 (1.8) −7.5, −0.48 0.026 −0.41 (1.8) -3.9, 3.1 0.819 −1.2 (2.7) −6.5,4.0 0.640 1.5 (1.1) −0.61, 3.7 0.160 
Secondary 3.0 (1.3) 0.33, 5.6 0.027 −1.0 (0.94) −2.8, 0.82 0.862 0.39 (0.93) −1.4, 2.2 0.676 2.9 (1.4) 0.20, 5.7 0.036 0.73 (0.57) −0.39, 1.8 0.201 
Family situation 
Two-parent 
 
2.3 (3.0) −3.7, 8.2 0.439 1.9 (2.1) −2.2, 5.9 0.372 1.8 (2.1) −2.3, 5.9 0.392 2.3 (3.1) −3.8, 8.4 0.464 3.1 (1.3) 0.58, 5.5 0.016 
Parental employment                
Both employed −1.4 (2.4) −6.1, 3.4 0.577 −0.89 (1.7) −4.2, 2.4 0.600 1.4 (1.7) −2.0, 4.7 0.424 −2.9 (2.5) −7.8, 2.1 0.254 −2.6 (1.0) −4.6,−0.56 0.012 
One employed −1.2 (2.6) −6.3, 3.9 0.653 −0.061 (1.8) −3.6, 3.5 0.973 2.0 (1.8) −1.6, 5.5 0.272 −2.3 (2.7) −7.5, 3.0 0.399 −2.8 (1.1) −5.0, −0.67 0.010 
SE: standard error of β coefficient; CI: confidence interval. 
μ Unemployed parents, higher educated parents and one-parent family were as reference. 
† Rest group (snacks and desserts) was defined as energy-dense, low-nutritious foods.  
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4. Discussion 
 
4.1. Total and Food Group-Specific Fiber Intake  
 
In this food consumption survey among Belgian preschoolers, the DF intake was on average  
13.4 g/d (boys: 13.9 g/d, girls: 12.9 g/d; P < 0.001) and the mean energy-adjusted fiber intake  
9.3 g/(1000 kcal*d) (boys: 9.2 g/(1000 kcal*d), girls: 9.3 g/(1000 kcal*d); P = 0.748). It is noteworthy 
that a higher energy intake seems to correspond with a higher DF intake in boys, possibly due to a 
higher overall dietary intake. The mean DF intake among Flemish preschool children did not reach the 
requirements proposed by the BSHC, especially not for the children aged 4–6.5 y, with 70% of the 
boys and 81% of the girls not meeting the guidelines.  
Compared to the recent small-scale Flemish study of Bosscher et al. (2002) (2–3 y old children:  
10 g/d based on 7 d-dietary records, n = 115), the DF intakes reported in the present study were higher [18]. 
As limited data is available on Belgian preschoolers’ fiber intake, additional comparisons were made 
with preschoolers from other countries with comparable age to evaluate our results. The DF intake 
among Belgian preschoolers were similar to those among European children in general [17], and 
German (10.3–16.2 g/d) [34] and Italian (11.1–14.6 g/d) [35] children in particular, all assessed by the 
same dietary assessment method (food diaries). Conversely, the DF intake among Belgian preschoolers 
were higher than those reported for Spanish (boys: 11.2 g/d, girls: 10.1 g/d) [36] and American 
children (9.1–13.1 g/d) [37], and lower than those of Swiss children (14.8–16.9 g/d) [38], all based on 
two 24-h recalls.  
Furthermore, this study aimed to identify the most important contributors to total DF intake among 
preschoolers. However, differences in dietary assessment and, in particular, classification of food items 
into food groups, often hamper sound comparisons between different study populations. Nevertheless, 
in general, the main sources of DF were similar for the current study population and children living in 
Antwerp [18]. However, the latter study reported lower contributions for cereals and pastry (6.6%), 
fruit (15.1%), and potatoes (14.5%). On the other hand, vegetables (13.9%), soup (8.0%), and sugar 
and candy products (2.1%) contributed more to the total DF intake than in the more general and 
representative study population of Flemish preschoolers involved in the present study. Additionally, 
we found that the group of bread and cereals was the most important contributor of DF, as also 
observed among American children [39]. Although the contributions of bread and cereals, and 
vegetables were in line with US reports (29.4% and 11.3%, respectively), potatoes and fruits 
contributed more to the DF intake of Belgian preschoolers than of American children (11.2% and 
13.1%, respectively) [39]. In comparison to Spanish children [40], the contributions of bread and 
cereals, potatoes, and vegetables were lower in Spanish children (11.2%, 4.3%, and 7.9%, respectively) 
than in ours, while those of fruit and legumes were much higher in Spanish children (25.6% and 
20.1%, respectively) than in Belgian children. Finally, the average DF intakes from cereals, fruit, and 
vegetables were substantially lower in Belgian than German children (4.4–8.0 g/d, 2.8–3.3 g/d, and 
2.4–3.0 g/d, respectively) [34]. 
When looking at the food groups that are being under-consumed according to the FBDG [41] and, 
taking into account the contributions of these foods to the total fiber intake in these preschoolers, it can 
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be concluded that higher intakes of whole-wheat bread, fruit, and vegetables, could significantly 
increase the fiber intake and should, therefore, be promoted among preschoolers. 
 
4.2. Associations of Fiber Intake with Socio-Economic Status  
 
To the best of our knowledge, there is no data available on possible associations between DF intake 
and SES factors among Belgian children. Our results indicate that children of secondary educated 
mothers have lower DF intake than those of higher educated mothers, whereas children with one 
parent being employed consumed more DF compared to those with unemployed parents. Similarly, 
maternal and paternal level of education were related to the food group-specific fiber intake of their 
children, with lower bread and cereal-, higher potato and grain-, and lower energy-dense, low-nutritious 
foods-derived fiber intake reported for children of lower secondary educated mothers compared to 
those of higher educated mothers. On the other hand, higher bread and cereal-, and fruit-derived fiber 
intake was observed with paternal secondary education as opposed to higher education. Additionally, 
children with employed parents had higher total DF intakes, but consumed less DF from energy-dense, 
low-nutritious food than preschoolers with both parents unemployed. In two-parent families, children 
had higher intake of energy-dense, low-nutritious food-derived fibers than in one-parent families. 
Perry et al. (1988) suggested that parental involvement plays a critical role in promoting children’s 
health behavior and dietary habits at an early age [42]. Parental involvement might result in 
consumption of fiber from high-nutritious foods (vegetables and fruit). In the present study, DF intake, 
more from high-nutritious foods (vegetables and fruit) and less from energy-dense, low-nutritious foods, 
were reported for preschoolers of higher educated mothers. Also, evidence showed that children in low 
SES families were found to have higher total energy, cholesterol, and fat intake and lower vegetable 
and fruit intake [43–47]. Moreover, children of unemployed parents or lesser income families 
consumed unhealthier DF, derived from energy-dense, low nutritious foods. The cost of healthy food, 
reduced food choices, and lack of education in low SES families might lead to lower vegetable- and 
fruit-derived fiber intake and, consequently, a higher prevalence of children at risk to become 
overweight or obese, and to develop chronic diseases [20,23,48]. Children with both employed parents, 
however, had less DF intake than those with one-employed parent in our study, which might be 
influenced by parents having less free time.  
We observed that dietary sources from vegetables and fruit contributing to DF intake in our study 
were much less compared to other food sources based on the quartiles of total fiber intake. Although 
vegetables and fruit were ranked second and fifth in DF contribution, children had extremely lower DF 
intake from raw vegetables (1.8%) compared to cooked ones (10.0%). In addition, in our findings, 
children of higher educated mothers and secondary educated fathers and those with one or both parents 
being employed had more DF intake from vegetables and fruit, which indicates that lower secondary 
educated and unemployed families need to be targeted during health promotion campaigns. Our results 
also suggest that the level of maternal education is more indicative for dietary habits of their preschool 
aged children than the level of paternal education.  
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4.3. Strengths and Limitations 
 
The present study was the first food consumption survey among preschoolers comparing 
associations between total and food group-specific DF intakes and SES in Belgium while covering  
the whole Flemish region. Therefore, the results of this large cross-sectional study represent the 
Flemish preschool children’s dietary habits with a good representation compared to the more local and 
small-scale surveys that were executed before.  
Like all studies, some limitations should be taken into consideration. First, this study suffered from 
some selection bias, with the lower SES group being underrepresented [24], which might have 
influenced the true DF intake and the linear associations. 
Furthermore some limitations regarding the dietary assessment method are noteworthy. No dietary 
assessment method is perfect and every method is prone to some degree of misreporting. The method 
of 3d EDR reflects the individual children’s short-term rather than usual intake. However, we 
corrected for within-person variability by using the MSM method to obtain a more precise individual 
usual daily DF intake. The percentage of under-reporters, excluded in this study, in the final sample for 
analysis was very low (2%). In addition, a relative validation study was conducted in which the results 
derived from a food frequency questionnaire were compared with those derived from our 3d EDR for 
calcium intake, food intake and for a diet quality index [41,49,50]. 
Moreover, the decisions regarding the food grouping were based on the Flemish FBDG and on the 
judgment of the investigators, which might have implications for the findings. The food composition 
of fortified foods, highly consumed by Flemish preschoolers, was rather hard to define and, in some 
cases, information from the industry or from packing materials had to be used. Furthermore, the 
definition of DF in Belgium is considered as carbohydrates with three to ten monomeric units, which 
might result in differences with international recommendations [51]. Also, no real information is 
available on the low molecular weight DF fraction and limitations of AOAC methods used [52,53]. 
Our dataset was not adjusted for possible alterations in fiber content or quality due to food processing, 
which may have attenuated the accuracy of our total DF estimates. 
 
5. Conclusions 
 
Our results showed that the mean total DF intake among preschoolers is below the guidelines of the 
BSHC, especially for children aged 4–6.5 y. Girls ingested significantly less fibers than boys. The 
most important contributor to the total DF intake was the group of bread and cereals, followed  
by fruit, potatoes, energy-dense, low nutritious foods, and vegetables. Maternal education level  
and parental employment were significantly associated with DF intake. Overall, DF intakes from  
high-nutritious foods (vegetables and fruit) were higher in preschoolers of higher educated mothers 
and those with one or both parents employed. These findings suggest that dietary fiber should be 
promoted in general and low SES families should be addressed in particular. 
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